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Introduction
Cuprous oxide (Cu 2 O) is an interesting p-type semiconductor with a direct energy band gap of 2.0 eV. Cu 2 O forms a cubic structure with a lattice parameter of 4.27 Å [1] . With these remarkable optical properties, Cu 2 O has emerged as a promising material in solar energy applications. Furthermore, it is relatively inexpensive to produce and nontoxic with its component elements is readily available [2] . Cu 2 O is a basic compound forming superconducting materials. It is also known that Cu 2 O related materials such as CuAlO 2 and SrCu 2 O 2 families are transparent conductive oxides (TCO) exhibiting p-type conductivity. And these TCOs have electronic structure similar to Cu 2 O, except for considerably larger energy gaps [3] . Due to its promising properties, various method of synthesize of Cu 2 O has been reported such as sputtering, electrodeposition, thermal oxidation, vacuum evaporation, and sol-gel process [1, 2, 4, 5, 6] . Among these, sol-gel is the simplest and convenient technique. The advantages of this technique compare to other technique are low processing temperature, controllable film thickness and morphology [6] .
In order to explore the potential of using Cu 2 [6] . In this paper we report the success of using the sol-gel spin coater technique to form Cu 2 O films on different substrates and conduct a detailed structural and optical investigation of Cu 2 O films.
Experimental
The starting compound used in this study was copper (II) acetate in isopropyl alcohol and diethanolamine (DEA, C 4 H 11 NO 2 ) solution and mixed continuously. The details preparation of cuprous oxide thin film was reported elsewhere [7, 8] . The cuprous oxide thin films were deposited onto indium tin oxide (ITO), titanium oxide (TiO 2 ) and n-Si substrates which was labeled as sample 1, sample 2 and sample 3, respectively. The prepared films were characterized using X-ray diffractometer (XRD) with Cu K1 radiation of 1.541 Å. The surface morphology of the film was investigated by a SUPRA 55VP field-emission scanning electron microscopy (FESEM). The band gap energy was measure by using the transmission and reflectance spectra which was investigated by ultraviolet-visible spectroscopy, Shimadzu 160A (UV-Vis).
Result and Discussion
Cuprous oxide thin films deposited onto ITO, TiO 2 and n-Si substrates have been analyzed by XRD. The diffraction spectra are shown in Fig shows similar x-ray spectra to that film deposited onto ITO. In the case of n-Si substrate, Cu 2 O (110) peaks appeared in the XRD spectrum. The lattice parameter for the three Cu 2 O films is the same and it is in agreement with the standard value of a = 4.27 Å. In the case of Cu 2 O film deposited onto n-Si, the relatively broad and weak XRD peaks may suggest the formation of nano-sized Cu 2 O particle. According to the value of crystallite size calculated using Scherrer's Eq. 1 [9] .
where λ is 1.5406 Ǻ for Cu K α2 , β the full width at half maximum of the peak in radian and θ is the Bragg angle indicated the calculated grain size of the Cu 2 O evaluated from dominant (111) diffraction peak is 16.7 nm.
According to the XRD results, the choice of substrate materials plays a crucial role in the formation of Cu 2 O. ITO glass used here is a polycrystalline isotropic material with no preferred orientation. Thus, the Cu 2 O film deposited on this substrate shows (111) preferential orientation, which may suggest that the fastest growth direction of Cu 2 O is along the (111) direction. The n-Si substrate has a (100) orientation with a lattice parameter of a = 5.43 Å. The mismatch of the Cu 2 O/Si system calculated from [(a film -a substrate )/a substrate ] is about 21 %. The large mismatch makes it difficult to grow Cu 2 O epitaxially as a result of Cu 2 O film with the same preferred orientation as that grown on isotropic substrate. Another reason may be that an amorphous SiO 2 layer had formed at the interface between Si and gel even before the deposition occurs. Thus, no preferred orientation is expected. For the same reason the Cu 2 O film deposited onto n-Si substrate shows lower crystal quality and smaller grain size [10] .
The surface morphologies of the Cu 2 O films deposited onto different substrates are analyzed with FESEM and the micrographs are shown in Fig. 2 . Clearly seen, the grains of pyramidal shape for the films deposited onto ITO substrate. The average grains size is 25 nm. The Cu 2 O film deposited onto TiO 2 substrate consists of cubic shape crystal but the size of the crystals is much bigger than 40 nm. The films on ITO and TiO 2 show good coverage which were covered all substrate compared to the films on n-Si. The films on TiO 2 revealed of cubic shape grains and more uniform in sizes compared to the films on ITO which was the grains size were not uniform with pyramidal shape. However, the grain size illustrated in the FESEM micrographs is larger than that the XRD estimated size. The grains size of cuprous oxide films on ITO, TiO 2 and n-Si substrate were estimated by FESEM about 114 nm, 154 nm and 84 nm, respectively. A possible explanation is that the result obtained from XRD measurement reflects the crystalline domain size rather than the physical particle size suggesting the observed particles may contain multi-domains within the particle or polycrystalline particles [11] .
850
Advanced Materials Engineering and Technology The absorbance spectra were measured for Cu 2 O films deposited onto ITO, TiO 2 and n-Si substrate. The absorption coefficient Eq. 2, α of the Cu 2 O film is related to the photon energy hν, [11] .
(αhv) = (hv -E g ) 1/2 (2) where hν is the photon energy and E g is the energy gap. Fig. 3 shows the plot of (αhv) 2 vs hv of Cu 2 O thin films of different substrate. These energy gaps are calculated from the intercept of straight line on the photon energy (hν) of the (αhv) 2 vs (hv) plot. The energy gap for these films was found to be in the range of 2.1-2.2 eV and was found to be influence by film thickness and also the optical absorbance. The optical band gap, E g for the Cu 2 O films prepared is in a good agreement with the reported value of optical band gap for Cu 2 O [12, 13] . 
